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In the title compound, j[Co 3 Lu2(C5H2N 2 0 4 ) 6 (H 2 0)4]-2H 2 0}„, 
the Lu m ions are seven-coordinated in a monocapped trigonal 
prismatic coordination geometry by six O atoms from three 
imidazole-4,5-dicarboxylate ligands and one water O atom. 
The Co 11 ions are six-coordinated in a slightly distorted 
octahedral geometry and exhibit two types of coordination 
environments. One Co 11 ion, located on an inversion center, is 
coordinated by two water O atoms as well as two O atoms and 
two N atoms from two imidazole -4,5-dicarboxylate ligands. 
The other Co 11 ion is bonded to four O atoms and two N atoms 
from four imidazole-4,5-dicarboxylate ligands. These metal 
coordination units are connected by bridging imidazole-4,5- 
dicarboxylate ligands, generating a three-dimensional 
network. The crystal structure is further stabilized by N— 
H- ■ O, O— H- - 0, and C— H- ■ O hydrogen-bonding inter- 
actions between the water molecules and the imidazole-4,5- 
dicarboxylate ligands. 

Related literature 

For lanthanide-transition metal heterometallic complexes 
with bridging multifunctional organic ligands, see: Cheng et al. 
(2006); Kuang et al. (2007); Sun et al. (2006); Zhu et al. (2010). 




Experimental 

Crystal data 

[Co 3 Lu 2 (C 5 H 2 N 2 04)6(H 2 0)4]-2H 2 0 

M r = 1559.34 

Triclinic, PI 

a = 7.0332 (6) A 

b = 8.3468 (7) A 

c = 17.8510 (15) A 

a = 95.515 (1)° 

P = 96.786 (1)° 

Data collection 

Bruker APEXII area-detector 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
T min = 0.308, r mM = 0.402 

Refinement 

R[F 2 > 2a(F 2 )] = 0.031 

wR(F 2 ) = 0.069 

S = 1.02 

3642 reflections 

376 parameters 

12 restraints 



Table 1 

Hydrogen-bond geometry (A, °). 



y = 97.195 (1)° 

V = 1025.84 (15) A 3 

Z = 1 

Mo Ka radiation 
/a = 6.08 mm -1 
T = 296 K 

0.20 x 0.18 x 0.15 mm 



5351 measured reflections 
3642 independent reflections 
3280 reflections with / > 2a(I) 
R inl = 0.023 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 1.38 e A~ 3 

Ap mi „ = -1.34 e A~ 3 



D-H-A 


D—H 


H--A 


D-A 


D-H-A 


N2-H1-05 1 


0.86 (4) 


2.04 (4) 


2.900 (6) 


175 (5) 


N2-H1-06' 


0.86 (4) 


2.59 (5) 


3.139 (6) 


122 (4) 


OIW-HIW- ■ 08" 


0.80 (5) 


2.04 (5) 


2.806 (6) 


161 (6) 


N4-H2- ■ OIW 1 " 


0.85 (4) 


2.12 (3) 


2.948 (6) 


162 (5) 


N4-H2- ■ O10 


0.85 (4) 


2.57 (6) 


3.016 (7) 


114 (4) 


01W-H2W- ■ OS iv 


0.81 (5) 


1.94 (6) 


2.748 (6) 


174 (6) 


02W-H3W- ■ 03W 


0.81 (5) 


1.89 (5) 


2.693 (6) 


172 (7) 


N5-H4-08 v 


0.85 (4) 


2.23 (4) 


3.052 (6) 


161 (5) 


02W-H4W- ■ 010" 


0.80 (6) 


2.06 (6) 


2.851 (7) 


171 (6) 


03W-H5W- ■ Oil" 1 


0.86 (5) 


2.06 (6) 


2.902 (6) 


166 (5) 


03W-H6W- ■ 04 


0.86 (6) 


2.10 (6) 


2.928 (6) 


163 (6) 


C8-H8- ■ 03 


0.93 


2.44 


3.217 (7) 


141 


C8-H8- ■ 09 


0.93 


2.39 


3.190 (7) 


144 


C13-H13-02W V " 


0.93 


2.42 


3.352 (7) 


178 


Symmetry codes: (i) 


—x + 1, — y, —z 


+ 1; (ii) x, y -} 


(iii) 


x. y — 1, z; (iv) 


~x, -y + 1, -z; (v) -.v. 


—y, — z; (vi) x + 


1, y, z\ (vii) x - 


H,-y + l, 


— z. 
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Data collection: APEX2 (Bruker, 2004); cell refinement: SAINT 
(Bruker, 2004); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: XP in 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXL97. 

The author acknowledges South China Normal University 
for supporting this work. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: PV2457). 
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Polyl^etraaquabisC/^-imidazole^jS-dicarboxyla^tetrakis^-imidazole^jS- 
dicarboxylato)tricobalt(II)dilutetium(III)] dihydrate] 

L.-C. Zhu 
Comment 

In the past few years, interest in the lanthanide-transition metal heterometallic complexes with bridging multifunctionnal 
organic ligands has been increasing, not only because of their impressive topological structures, but also due to their versatile 
applications in ion exchange, magnetism, bimetallic catalysis and luminescent probe (Cheng et al. , 2006; Kuang et al. , 2007; 
Sun et al. , 2006; Zhu et al. , 2010). As an extension of this research, the structure of the title compound, a new heterometallic 
coordination polymer, has been determined which is presented in this artcle. 

The asymmetric unit of the title compound (Fig. 1), contains one Lu 111 ions, two Co 11 ions (one situated on an inversion 
centre), three imidazole-4,5-dicarboxylate ligands, two coordinated water molecules and one uncoordinated water molecule. 

The Lu 111 ion is seven-coordinated in a monocapped trigonal prismatic coordination geometry by six O atoms from three 
imidazole -4, 5-dicarboxylate ligands and one water O atom. Both Co 11 ions are six-coordinated in a slightly distorted oc- 
tahedral geometry. One Co 11 ion lies on an inversion center and is coordinated with two O atoms from two coordinated 

water molecules as well as two O atoms and two N atoms from two imidazole-4, 5-dicarboxylate ligands. The other Co 11 
ion is bonded to four O atoms and two N atoms from four imidazole-4,5-dicarboxylate ligands. These metal coordination 
units are connected by bridging imidazole-4, 5-dicarboxylate ligands, generating a three-dimensional network (Fig. 2). The 
crystal structure is further stabilized by N — H-O, O — H--0, and C — H-0 hydrogen-bonding interactions between water 
molecules, and imidazole-4,5-dicarboxylate ligands (Table 1). 

Experimental 

A mixture of CoSO 4 .7H 2 O(0.141 g, 0.5 mmol), Lu 2 0 3 (0.100 g, 0.25 mmol), imidazole-4,5-dicarboxylic acid (0.156 g, 
1 mmol), and H2O (10 ml) was sealed in a 20 ml Teflon-lined reaction vessel at 443 K for 5 days then slowly cooled to 
room temperature. The product was collected by filtration, washed with water and air-dried. Red block crystals suitable for 
X-ray analysis were obtained. 

Refinement 

H atoms bonded to C atoms were positioned geometrically and refined as riding, with C — H = 0.93 A and (7i S0 (H) = 1.2 
(7 e q(C). H atoms bonded to N atoms and H atoms of water molecules were found from difference Fourier maps and refined 
isotropically with restraint: N— H = 0.87 A, O— H = 0.82 or 0.86 A and £/ iso (H) = 1.5 t/ eq (N, O). 
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Figures 




Fig. 1 . The asymmetric unit showing the atomic-numbering scheme and displacement ellips- 
oids drawn at the 30% probability level. Symmetry codes: A: 1 - x, 2 - y, -z; B: 1 - x, 1 -y, 1 

z; C: x, -1 +y, z; D: 1 + x, 1 + y, z. 



Fig. 2. A view of the three-dimensional structure of the title compound, the hydrogen bonding 
interactions showed as broken lines. 



Poly[[tetraaquabis(u3-imidazole-4,5-dicarboxylato)tetrakis(u2- imidazole-4,5- 
dicarboxylato)tricobalt(ll)dilutetium(lll)] dihydrate] 



Crystal data 

[Co 3 Lu2(C 5 H2N 2 04)6(H20)4] -2H 2 0 
M r = 1559.34 

Triclinic, PI 
Hall symbol: -P 1 
a = 7.0332 (6) A 
b = 8.3468 (7) A 
c= 17.8510 (15) A 
a = 95.515 (1)° 
(3 = 96.786 (1)° 
y = 97.195 (1)° 

V= 1025.84(15) A 3 



Z= 1 

J F(000) = 751 

D x = 2.524 Mg nT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 2416 reflections 

9 = 2.3-27.1° 

|i = 6.08 mm 1 

T=296K 

Block, red 

0.20 x 0.18 x 0.15 mm 



Data collection 



Bruker APEXII area-detector 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

(p and co scan 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
J min = 0.308, J max = 0.402 
5351 measured reflections 



3642 independent reflections 

3280 reflections with / > 2a(7) 
R int = 0.023 

©max — 25.2 , 9 mjn — 2.3 

h = -5-*8 

jfc = -10-»8 
/ = -19-»21 
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Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 >2o(F 2 )] = 0.031 

wR(F 2 ) = 0.069 

S= 1.02 

3642 reflections 
376 parameters 
12 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = V[o 2 (F 2 ) + (0.03 15P) 2 + 1.6377P] 

where P = (F 0 2 + 2F 2 )/3 

(A/o) max = 0.001 

Ap max =1.38eA~ 3 
Ap mi „ = -1.34eA" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > o(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 




Lul 


0.70112 (4) 


0.58976 (3) 


0.256536 (13) 


0.01212(9) 


Col 


0.38269 (11) 


0.06475 (9) 


0.42418 (4) 


0.01307 (17) 


Co2 


0.5000 


1.0000 


0.0000 


0.0142 (2) 


CI 


0.6258 (8) 


0.7760 (7) 


0.4223 (3) 


0.0133 (12) 


C2 


0.7053 (8) 


0.6660 (7) 


0.4742 (3) 


0.0133 (12) 


C3 


0.8108 (9) 


0.6042 (7) 


0.5848 (4) 


0.0220 (14) 


H3 


0.8561 


0.6115 


0.6362 


0.026* 


C4 


0.7216(8) 


0.5032 (6) 


0.4657 (3) 


0.0103 (11) 


C5 


0.6582 (8) 


0.3717(7) 


0.4028 (3) 


0.0143 (12) 


C6 


0.1022 (8) 


-0.2023 (7) 


0.3429 (3) 


0.0132(12) 


C7 


0.1583 (8) 


-0.1024 (6) 


0.2827 (3) 


0.0134(12) 


C8 


0.3107 (9) 


0.1157(7) 


0.2497 (3) 


0.0195 (13) 


H8 


0.3898 


0.2141 


0.2508 


0.023* 


C9 


0.1057 (8) 


-0.1066 (7) 


0.2054 (3) 


0.0138(12) 


C10 


-0.0137(8) 


-0.2248 (7) 


0.1460 (3) 


0.0149 (12) 


Cll 


0.2968 (9) 


0.4493 (7) 


0.1376 (3) 


0.0172 (13) 


C12 


0.3326 (8) 


0.5562 (7) 


0.0773 (3) 


0.0138(12) 



sup-3 



supplementary materials 



1 1 
CI 3 


A oom /A\ 

u.zoyz (yj 


U.o3jo {/) 


A A171 f1\ 

— U.UJ 15 \5 ) 


A A 1 OA /1 n\ 

u.uioy (i 5) 


I I 1 1 

til 5 


A 7/1 "7/1 

U.Z4 /4 


A £.1 A 7 
U.034 / 


A A007 
— U.U&5 / 


A All * 

U.UZJ^ 


A 

C14 


A /1 1 1 /'OA 

U.43 lo (o) 


A -7A0 0 

U. /Uoo (y) 


A r\~J/ZQ /i\ 

u.u /oy (j ) 


A A11C /^11\ 

U.UlJj (1ZJ 


CI J 


A C/ITO /OA 

U.j43o (oj 


A 0 1/1 1 (H\ 

U.o341 y 1) 


A 1 ICO f1\ 
U. 1 JJO (J ) 


A A 1 A A (\ y\ 

U.U14U (1ZJ 


<J1 


u.jyoz (0) 


A 1 A 1 1 fC\ 

U. /41Z (J) 


A 1 C 1 A /'lA 

u.jjiy (zj 


A A1 1 C ( 1 A\ 

U.UZIj (1UJ 


<JZ 


U.JOOZ (Oj 


A AA*7 1 ( A\ 

u.yu / 1 (4j 


U.4 J J J {Z) 


A A 1 A 7 /0\ 

U.U14 / yo) 


<J3 


n £7£i 
U.oZo3 (oj 


U.4U /Z (J J 


A 11/^1 /lA 

U.JJOZ [Z) 


A A 1 AC SQ\ 

u.uiyj ^y ) 


r*/1 
<J4 


U.03 /O {0) 


A 770 0 //]\ 

U.ZZoo (4J 


A /11AQ /^1\ 

U.4ZUy yZ) 


A A 1 Q7 /A\ 

u.uiyz (y ) 


Uj 


A 1 Q/1 A f/r\ 

U. lo4U yo) 


A 1 C1Q /C\ 

- u. i r>zy ) 


A /1AQ/1 

U.4Uy4 \Z) 


A A7AA fCi\ 

u.uzuu (y ) 


/-\/ 

Uo 


A A 1 A1 

— u.uiy3 (oj 


A 110*7 /"C\ 

— U.3Zo / [p) 


A 1 10 1 

U.JZol \Z) 


A All 1 i A A\ 

U.UZZ1 (1UJ 


\J 1 


_A 111/; 
U. 1 1 10 (Oj 


a i/i^a /ca 
U.34oy [D ) 


A 1 1 /7\ 

U. lOOl (ZJ 


A A 1 A/] /A\ 

u.uiy4 (y j 


Uo 


A A 1 1 *7 

— U.UI 1 / yo) 


A 7AA/1 (G\ 

— U.ZUU4 (J J 


A A777 

U.U / / / (ZJ 


A A 1 A 1 /A\ 

U.Uiyi yy) 


Uy 


a /in a f&\ 
U.43Z4 (o) 


a A /'ca 
U.4oUj [p) 


A 1 All /^1\ 

u. iyjz (zj 


A A 1/^/1 /'I A\ 

U.UZo4 (lUj 


<J1U 


A 1 /I 7 A 

U. 14 /U (Oj 


A 1C11 /'CA 


A 1 1QC (")\ 

U. IZoj \Z) 


A AlC/i ^1 A\ 

U.UZjo (1UJ 


A1 1 
<J1 1 


U. joj / (Oj 


A OA1 A 


A 1A17 /lA 

U.ZUj 1 \Z) 


A A 1 0/1 ^QA 

U.U154 (y ) 


/-\ 1 7 

<J1Z 


U.J&y4 (0) 


A A*7 1 A fZ\ 

u.y / iu {d) 


(\ 1 1 ci a\ 
U. 1 1 j j yZ) 


A A 1 70 /'A\ 

u.ui /o (y ) 


JN 1 


A /7\ 
U. /J66 ( / ) 


U. 11 15 \b) 


A C/1AC /'lA 

U.J4yj \5) 


A A 1 7/^ / 1 1 \ 
U.UI /O (1 1 J 


JNZ 


A 70AA /"Tv 

u. /oyy (y) 


U.4o /Z [p) 


U. J JOO (3 J 


A A 1 (1 A /1 1 \ 

U.Ulo4 yvv) 


Ml 

IN 3 


A 7071 (H\ 

U.Zo 1 5 yl) 


A flTCQ 

u.ujjy {j ) 


A 1AQ1 /1\ 

u.juyi y5) 


A A 1 CO (\ 1 ^ 

U.U 1 jo (1 1 J 


XT /I 

JN4 


a inn /'o\ 
U.ZU33 (o) 


A A11/i /'/iA 


a i 07/^ f1\ 

U. lo /o (Jj 


A A7A/1 /1 1 \ 

U.UZU4 (1 1 ) 


IN j 


U.Z43Z ( /J 


U.J 1 J 1 [O) 


A AA/1 1 fl\ 

U.UU41 y5) 


A A 1 71 (\ 1 \ 

U.UI / J (,1 1 J 


JNo 


A A AO 1 /T\ 

U.4UZ1 ( /) 


U. / jo j p J 


A AAC 1 /1\ 

U.UUjZ (j ) 


A A11Q /I A\ 

u.uijy (iuj 


1 1 1 

ril 


A OA 1 /Q\ 

u.oui (yj 


a 177 //1\ 

U.J /Z (4 ) 


U. j jU (J ) 


A A7 1 Sj! 

U.UZ1 * 


ITT 

riZ 


A 7AA /A\ 

u.zuy (y j 


A A/^A ^7\ 

U.UoU {/ ) 


A 1/17 0 /'I 7\ 

U. 14Zo {l /) 


A A7 1 * 

U.UZ1 


1 1 i 

ri4 


U.lol {($) 


A /I 7A /'/I \ 

U.4ZU (4 ) 


A AAO /^1\ 

— U.UUo (3 J 


A A7 1 * 

U.UZ1 * 


U1W 


a 7771 //Z\ 

U.ZZ /3 (0) 


i.u4oy [p ) 


A A7/1 c /7\ 

U.UZ4J (ZJ 


A A771 /1 A\ 

U.UZZJ (1U) 


I I 1 \\T 

rll W 


a i zta /o\ 
U. 10U ^o ) 


u.yoj ^ j ) 


A A1A (A\ 

U.U jU ^4 ) 


A AH* 

U.Ujj 


XJ1YX7 


A 1 £0 ^o\ 

U. loo (o J 


1 AAA /^7\ 

i.uyu {/) 


A AAO f1\ 

— U.UUo (j ) 


A All * 

U.Ujj 


02W 


A O/lfijC /"7\ 

0.6496 (7) 


0.3654 (5) 


0.2236 (3) 


a m c "i / 1 A^ 

0.0252 (10) 


H3W 


0.826 (10) 


0.284 (5) 


0.244 (4) 


0.038* 


H4W 


0.931 (8) 


0.351 (7) 


0.197 (3) 


0.038* 


03W 


0.8053 (7) 


0.0904 (5) 


0.2910 (3) 


0.0314(11) 


H5W 


0.734 (8) 


0.016(7) 


0.260 (3) 


0.047* 


H6W 


0.741 (9) 


0.111 (8) 


0.328 (3) 


0.047* 



Atomic displacement parameters (A 2 ) 
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U 22 


C/ 33 


U 12 
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u 2i 


Lul 


0.01755 (14) 


0.00981 (13) 


0.00769 (13) 


-0.00126 (9) 


-0.00124 (9) 


0.00199 (9) 
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0.0202 (4) 


0.0086 (4) 
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0.0011 (3) 
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0.011 (3) 
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A A 1 1 

0.013 (3) 


A AA 1 /o^ 

U.UU1 (z) 


A AAC ZO\ 

0.005 (2) 


A A 1 1 /O \ 

0.011 (2) 


N5 


0.022 (3) 


0.013 (2) 


0.012(3) 


-0.004 (2) 


-0.005 (2) 


-0.004 (2) 


N6 


0.017(3) 


0.016(3) 


0.008 (2) 


0.001 (2) 


0.002 (2) 


0.003 (2) 


OIW 


0.020 (2) 


0.027 (3) 


0.023 (2) 


0.0045 (19) 


0.0031 (19) 


0.014 (2) 


02W 


0.035 (3) 


0.018(2) 


0.026 (3) 


0.007 (2) 


0.013 (2) 


0.006 (2) 


03W 


0.042 (3) 


0.020 (2) 


0.032 (3) 


0.001 (2) 


0.014(2) 


-0.001 (2) 



Geometric parameters (A, °) 



Lul— 09 


2.183 (4) 


C7— N3 


1.382 (7) 


Lul— 06' 


2.206 (4) 


C8— N3 


1.320 (7) 


Lul— 03 


2.238 (4) 


C8— N4 


1.340 (8) 


Lul— 07' 


2.261 (4) 


C8— H8 


0.9300 


Lul— Ol 


2.264 (4) 


C9— N4 


1.366 (7) 


Lul— Oil 


2.270 (4) 


C9— C10 


1.477 (8) 


Lul— 02W 


2.317 (4) 


C10— 08 


1.257 (7) 


Col— N3 


2.066 (5) 


C10— 07 


1.263 (7) 


Col— 02" 


2.121 (4) 


Cll— O10 


1.226 (7) 


Col— 05 


2.123 (4) 


Cll— 09 


1.281 (7) 


Col— 02 m 


2.125 (4) 


Cll— C12 


1.486 (8) 


Col— 04 


2.126 (4) 


C12— C14 


1.374 (8) 


Col— Nl" 


2.147 (5) 


CI 2— N5 


1.374 (7) 


Co2— N6 


2.077 (4) 


CI 3— N6 


1.316 (7) 


Co2— N6 iv 


2.077 (4) 


CI 3— N5 


1.335 (8) 


Co2— 01W iv 


2.092 (4) 


C13— H13 


0.9300 
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Co2— OIW 


2.092 (4) 


CI 4— N6 


1.377 (7) 


Co2— 012 iv 


2.126 (4) 


C14— C15 


1.486(7) 


Co2— 012 


2.126 (4) 


C15— 012 


1.249 (6) 


CI— Ol 


1.249 (6) 


C15— Oil 


1.278 (6) 


CI— 02 


1.272 (6) 


02— Col" 


2.121 (4) 


CI— C2 


1.478 (8) 


02— Col v 


2.125 (4) 


C2— C4 


1.374 (7) 


O6— Lul vi 


2.206 (4) 


C2— Nl 


1.383 (7) 


07— Lul vi 


2.261 (4) 


IN 1 


1 ^7^ (R\ 

1 JiJ ^O^ 


\T| 1 11 

JN 1 — Col 


7 1 47 f<\ 


r^i XT'") 
C3 — JNZ 


1 1 A A t"7\ 

1.344 (/) 


"\T1 I I 1 

JNZ — hll 


0.5 / (Z) 


C3 — H3 




"NT A UO 

IN 4 — rlz 


f\ QC f7\ 

U.6J (Z) 


C4 JNZ 


1.3 /4 ( /) 


JN j — hl4 


0.85 (Z) 


C4 — CD 


1.4 ly ( 1) 


Ol W — hll W 


0.80 (5) 


C5 03 


1.256 (7) 


OIW H2W 


0.81 (5) 


C5— 04 


1.260 (7) 


02W— H3W 


0.81 (5) 


C6— 06 


1.258 (7) 


02W— H4W 


0.80 (6) 


C6— 05 


1.262 (6) 


03W— H5W 


0.86 (5) 


C6— C7 


1.481 (7) 


03W— H6W 


0.86 (6) 


C7— C9 


1.382 (8) 






09— Lul— 06' 


168.24 (15) 


O6— C6— C7 


121.6 (5) 


09— Lul— 03 


80.23 (15) 


05— C6— C7 


116.0 (5) 


O6'— Lul— 03 


89.91 (15) 


C9— C7— N3 


109.7 (5) 


09— Lul— 07' 


104.39 (15) 


C9— C7— C6 


136.0 (5) 


06'— Lul— 07 ; 


80.05 (14) 


N3— C7— C6 


114.2 (5) 


03— Lul— 07 ; 


144.82 (15) 


N3— C8— N4 


109.9 (5) 


09— Lul— Ol 


103.10(16) 


N3— C8— H8 


125.1 


06'— Lul— Ol 


80.68 (15) 


N4— C8— H8 


125.1 


03— Lul— Ol 


77.20 (14) 


N4— C9— C7 


103.9 (5) 


07'— Lul— Ol 


132.94 (14) 


N4— C9— C10 


121.1 (5) 


09— Lul— Oil 


80.95 (15) 


C7— C9— C10 


134.9 (5) 


06'— Lul— Oil 


110.81 (14) 


O8— C10— 07 


122.9 (5) 


03— Lul— Oil 


140.82 (15) 


O8— C10— C9 


118.6 (5) 


07'— Lul— Oil 


73.48 (15) 


07— C10— C9 


118.5 (5) 


Ol— Lul— Oil 


74.08 (14) 


O10— Cll— 09 


125.5 (5) 


09— Lul— 02 W 


88.27 (17) 


O10— Cll— C12 


118.2 (5) 


06'— Lul— 02 W 


82.72 (17) 


09— Cll— C12 


116.1 (5) 


03— Lul— 02W 


73.16 (15) 


CI 4— CI 2— N5 


104.4 (5) 


07'— Lul— 02 W 


72.16(15) 


C14— C12— Cll 


134.2 (5) 


Ol— Lul— 02W 


145.87 (15) 


N5— C12— Cll 


121.2 (5) 


Oil— Lul— 02W 


139.98 (15) 


N6— CI 3— N5 


110.3 (5) 


N3— Col— 02" 


167.15 (17) 


N6— CI 3— HI 3 


124.8 


N3— Col— 05 


76.85 (16) 


N5— CI 3— HI 3 


124.8 


02"— Col— 05 


95.95 (15) 


CI 2— CI 4— N6 


109.5 (5) 


N3— Col— 02'" 


112.98(17) 


C12— C14— C15 


135.0 (5) 
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02 11 — Col— 02 m 


76.14(16) 


05— Col— 02 m 


83.14(15) 


N3— Col— 04 


97.10(17) 


02"— Col— 04 


93.03 (15) 


05— Col— 04 


160.66 (16) 


02 m — Col— 04 


82.44(15) 


N3— Col— Nl" 


95.80 (18) 


02"— Col— Nl" 


76.66 (16) 


05— Col— Nl" 


111.04 (17) 


02 m — Col— Nl" 


150.45 (16) 


04— Col— Nl" 


87.67 (17) 


N6— Co2— N6 iv 


180.0 (2) 


N6— Co2— 01W iv 


93.28 (18) 


N6 iv — Co2— 01W iv 


86.72 (18) 


N6— Co2— Ol W 


86.72(18) 


N6 iv — Co2— Ol W 


93.28 (18) 


01W iv — Co2— OIW 


180.0 


N6— Co2— 012 iv 


102.48 (16) 


N6 iv — Co2— 012 iv 


77.52 (16) 


01W iv — Co2— 012 iv 


91.60(16) 


OIW— Co2— 012 iv 


88.40(16) 


N6— Co2— 012 


77.52 (16) 


N6 iv — Co2— 012 


102.48 (16) 


01W iv Cn7 017 


88.40 (16) 


0 1 W Tn? 0 1 7 


y 1 . uu 


012 1V — Co2 — 012 


1 Qn n o\ 
16U.U (2 ) 


Ol — CI — 02 


123.3 (5) 


Ol — CI — C2 


122.4 (5) 


02 — CI — C2 


114.3 (5) 


C4 — C2 — Nl 


109.3 (5) 


C4 — C2 — CI 


133.0 (5) 


Nl — C2 — CI 


117.3 (5) 


Nl — C3— N2 


111.4 (5) 


Nl — C3 — H3 


124.3 


N2 — C3 — H3 


124.3 


C2 — C4 — N2 


105.7 (5) 


C2— C4 — C5 


133.4 (5) 


N2— C4— C5 


120.3 (5) 


03— C5— 04 


124.3 (5) 


03— C5— C4 


119.3 (5) 


04— C5— C4 


116.4 (5) 


O6— C6— 05 


122.4 (5) 



Symmetry codes: (i) x+\ , y+\ , z; (ii) -x+ 1 , -y+ 1 , -z+ 1 ; (iii) 



N6— C14— C15 


115.2 (5) 


012— C15— Oil 


123.1 (5) 


012— C15— C14 


116.4 (5) 


Oil— C15— C14 


120.5 (5) 


CI— Ol— Lul 


142.1 (4) 


CI— 02— Col" 


117.9 (3) 


CI— 02— Col v 


132.2 (4) 


Col"— 02— Col v 


103.86 (16) 


C5— 03— Lul 


144.9 (4) 


C5— 04— Col 


130.4 (4) 


C6— 05— Col 


117.4 (4) 


C6— O6— Lul vi 


138.2 (4) 


C10— 07— Lul vi 


139.6 (4) 


Cll— 09— Lul 


149.6 (4) 


C15— Oil— Lul 


134.8 (4) 


CI 5— 012— Co2 


116.7 (4) 


C3— Nl— C2 


105.8 (5) 


C3— Nl— Col" 


136.7 (4) 


C2— Nl— Col" 


110.0 (4) 


C3— N2— C4 


107.8 (5) 


C3— N2— HI 


124 (4) 


C4— N2— HI 


127 (4) 


C8— N3— C7 


106.3 (5) 


C8 — N3 — Col 


138.1 (4) 


Cl l\n Tn1 


11 5 fi (d\ 


r^o tvt/1 r^o 
to — IN 4 — 


1 1 f\ 7 

1 1U.2 (p ) 


C8 — N4 — H2 


124 (4) 


C9 — N4 — H2 


126 (4) 


C13 — N5 — C12 


109.3 (5) 


C13 — N5 — H4 


133 (4) 


C12 — N5 — H4 


118 (4) 


C13 — N6 — C14 


106.5 (5) 


C13 — N6 — Co2 


138.4 (4) 


C14 — N6 — Co2 


113.9 (3) 


Co2 — OIW — H1W 


111 (5) 


Co2— OIW— H2W 


114(5) 


H1W— OIW— H2W 


107 (3) 


Lul— 02W— H3W 


119(4) 


Lul— 02 W— H4W 


133 (4) 


H3W— 02W— H4W 


108 (3) 


H5W— 03W— H6W 


107 (3) 



x,y~l, z; (iv) -x+ 1 , -y+2, -z; (v) x,y+\, z; (vi) x~l,y-l,z. 
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Hydrogen-bond geometry (A, °) 










D—H-A 


D—H 


h-a 


D-A 


D—H-A 


N2— Hl-05™ 


0.86 (4) 


2.04 (4) 


2.900 (6) 


175 (5) 


N2— H1-06™ 


0.86 (4) 


2.59 (5) 


3.139 (6) 


122 (4) 


OIW— H1W-08 V 


0.80 (5) 


2.04 (5) 


2.806 (6) 


161 (6) 


N4— H2-01W m 


0.85 (4) 


2.12(3) 


2.948 (6) 


162 (5) 


N4— H2-O10 


0.85 (4) 


2.57 (6) 


3.016 (7) 


114(4) 


OIW— H2W-08™ 


0.81 (5) 


1.94 (6) 


2.748 (6) 


174 (6) 


02W— H3W-03W 


0.81 (5) 


1.89 (5) 


2.693 (6) 


172 (7) 


N5— H4-08 ix 


0.85 (4) 


2.23 (4) 


3.052 (6) 


161 (5) 


UZW 1 14 W U1U 


0 80 (61 


2 06 (61 


2.851 (7) 


171 Cfil 


03W— H5W-OH m 


0.86 (5) 


2.06 (6) 


2.902 (6) 


166 (5) 


03W— H6W-04 


0.86 (6) 


2.10(6) 


2.928 (6) 


163 (6) 


C8— H8-03 


0.93 


2.44 


3.217 (7) 


141. 


C8— H8-09 


0.93 


2.39 


3.190 (7) 


144. 


CI 3— H13-02W xi 


0.93 


2.42 


3.352 (7) 


178. 


Symmetry codes: (vii) -x+l, -y, -z+1; (v) x, y+l, z; 


(iii) x,y-l,z; (viii) 


-x, -y+l, -z; (ix) 


-x, -y, -z; (x) x+l,y, 


z; (xi) -x+l, -y+l, -z. 



sup-8 



supplementary materials 




sup-9 



supplementary materials 




sup-10 



